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Since the development of amorphous semiconductor superlattice films, 
the great interesting in fundamental and technological is attracted by 
their special properties and applications. The optical and electronic 
properties of the films hava been studied by conventional spectroscope, 
photoluminescence and photoconductance techniques etc. Some anomalous 
phenomena, such as, the quantum size effect and the permenent photo-
conductivity (FPC) effect, have been discovered [1-2]. Recently the 
investigations of the characteristics and parameters of amorphous semi-
conductor superlattice films by photoacoustic and photothermal 
techniques are being got attention [3,4]. In this paper, we describe the 
study of the thermal diffusivity of a series samples of amorphous semi-
conductor superlattices a-Si:H/a-SiNx:H. The thermal diffusivity of the 
samples is experimentally measured by using mirage detection technique 
[5,6]. Up to date, the mirage detection method has been used success-
fully to determine the thermal diffusi vi ty of bo ~h transparent and opaqc:e 
materials. Specially it is available to meas,re directly the thermal 
parameters of thin films which are usually difficalt to ba evaluated. 
In the theoretical calculation, one dimensional model with 11 the thermal 
resistors in series 11 and 11 the weighted average 11 is used. Comparing 
the experimental and theoretical results, we find that both are in good 
agreement for the most of the samples. However, SOQe anomalous thermal 
diffusivi ty phenomena have been observed in sm;1e special samples. 
EXPERIMENTAL NEASUREMENT 
The amorphous semiconductor superlattices are composed of 
alternative sublayers of both a-Si:H and a-SiNx:H with thicknesses d and 
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d 1 respectively. Then the modulation period of the superlattices D = d+d~ 
In our experiment, two sets of amorphous semiconductor superlattices 
a-Si:H/a-Sil\x:H with different relative thicknesses of a-Si:H sublayer r 
(r=d/D), different number of the periods and the total thickness of each 
film in a few micrometers are deposited on optical glasses by a plasma-
assisted chemical vapor deposition process. The sublayer thicknesses of 
both components and the number of periods of the superlattices are 
designed and controlled during the preparation of the samples. In 
addition, both monolayer films a-Si:H and a-SiNx:H with the similar 
thickness as the superlattices are also prepared under the same 
conditions. The thickness and the refractive index of the films are 
evaluated by interfero-microscopy and the interference ripples of the 
subgap absorption spectra of the films respectively. The geometrical 
parameters and the refractive index of these two sets of the samples are 
listed in Tables I and II respectively. 
Table 
Sample s A B 
Period a-Si:H 50 74 
Number monolayer 
a-Si:H(A) 400 150 
a-SiNx:H(AJ 200 150 
d/D 1.00 0.67 0.50 
Refractive 5.0 4·4 3.2 
index 
Film 2.1 3.0 2.1 
thickness 
m 
Table 
Sample H 
Period 20 
number 
a-Si:H(A) 900 
a~SiN :H(A) 600 
d/D 0.6 
Refractive 
index 
Film 3.2 
thickness 
()lm) 
I 
c D 
93 107 
_1_]_Q _22 
180 240 
0.39 0.29 
2.8 2.5 
2.7 3.6 
II 
I J 
20 20 
1050 1200 
450 300 
0.7 0.8 
3.9 ± 0.3 
3.4 3. 1 
E 
118 
65 
2_30 
0.22 
2.4 
3.5 
F 
133 
_]_Q_ 
230 
0.11 
2.3 
3.5 
K 
20 
1610 
140 
0.92 
2.9 
N 
a-SiNx:H 
monolayer 
0.00 
1.8 
3.0 
The thermal diffusivities of the thin films are measured by merage 
detection technique. In the case of a thin opaque film deposited on a 
transparant substrate, the thermal diffusivity can be determined by the 
relative phase lag between the photothermal signals obtained from the 
rear and front surface excitations successively [6]. In order to avoid 
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Fig. 1 Schematic diagram of the experimental system. 
the dtermination of both the distance between sample surface and probe 
beam and the diameter of the probe beam, the two phase measurements are 
kept exactly in the same way by a compact 11 mirage cell 11 [7]. The 
experimental scheme is shown in Fig.1. The modulation frequencies of the 
heaating beam is used in the range of 25 Hz - 40 kHz. 
In the measurement, three beams with different wavelengths ( 514 nm, 
488nm and 458nm ) of an Ar+ ion laser have been used successively as a 
heating source. We find that, for a-Si:H monolayer and some superlattice 
films with more larger thickness of a-Si:H sublayer (potential well), 
the measured results of the thermal diffusivities almost not change with 
the wavelength variation of the heating beam. However, in some super-
lattices with smaller potential well width, such as the case of 
a-Si:H(JO~)/a-SiNx :H(200~), the experimental data are very sensitive to 
the wavelength. As we have ):~o'.m, in the a-Si:H/a-SiNx:H superlattices, 
11 the blue shift 11 phenomena of the absorption edge with the decrease 
of a-Si:H sublayer thickness is apparantly observed. Therefore, the 
transparancy of the samples with smaller potential well width are 
strongly dependent on the wavelength of the optical heating beam. 
Then, the experimental values of the thermal parameters of these super-
lattice6 are very sensitive to the wavelength. So that, the beam with 
the wavelength 458nm is more satisfactory to be used for considering all 
of the samples as opaque materials. For the phase measurement taken 
in air and the sample in irradiated by an unfocused laser beam, the 
phase lag of the photothermal signal between rear and front surface 
excitations has been deduced and written as follows (6]: 
tan 1:::. cjl 
and 
[1 - Rsb exp(-2ds/llsl l tan (ds/Jlsl. 
1 + Rsb exp(-2ds/Psl (1) 
where Rsb is the thermal reflection coefficient at the sample-substrate 
interface, ds and Ps are the thickness and the thermal wavelength of the 
sample respectively. es and eb are the thermal effusivities of the 
sample and the substrate respectively. 
' In our experiment, we have made the plots for f:::.cjl VS f~ We find 
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Fig. 2 The thermal diffusi vi ty as VS the relative thickness r. 
1 
that the linear relation between ~0 and f2 approximately exists for all 
of the samples. So that, it is assumed approximately that Rsb = 0. Then 
(2) 
><here a: s is the thermal diffusi vi ty of t~e samples. Thus the as can be 
evaluated from the slope of ~¢ VS f2 • The experimental data of O:s 
versus the relative thickness r of the a-Si:H sublayer are shown in 
Fig.2. Owing to the a-SiNx:H film is tranparent in the range of visible 
wavelength, we cannot obtain its the~mal diffusivity by the method 
described a.bove. 
THEORETICAL CALCULATION 
In our modulation frequency range, we have lls '>D. 'l'hen the super-
lattices can be treated as effective homogeneous media characterized by 
effective physical parameters. He use a model of "themal resistors in 
series" and "weighted average" [8], the expression for an effective 
thermal condnctivity Ks of the superlattices may be written as 
Ks = [ r/K + (1-r)/K'l 
K and K' are the thermal 
and a-SiNx:H respectively. 
given by 
(3) 
conductivities of both components a-Si: H 
The effective thermal diffusivity as is then 
Cis= Ks /[ rf)c + (1-r)p'c' ]. (4) 
where p , c and P' , c• are the density and thermal capa.ci ty of two 
sublayers a-Si:H and a-SiNx:H respectively. Substituting Eq. (3) into 
Ey_. (4), If a and a' are the thermal diffusivity of two sublayers respec-
tively. Thus we get 
Cis = [ ~ + (1-r)2 + r(1-r) [lfA + .Q_'_£' ]-1 
a a' K K • (5) 
According to the experimantal value of the thermal diffusivity of 
the a-Si:H film and the approximation of Rsb=O, we can get a theoretical 
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curve of as VS r , which is also shown in Fig 2. From the theoretical 
curve in Fig. 2, the thermal conductivity radio K1 / K ~ 0.8 is obtained. 
DISCUSSIONS 
A comparison between the experi~ental and theoretical results of the 
thermal diffusivity of a-Si:H/a-SiNx:H ( x~ 0.1 ) superlattices can be 
seen from Fig.2. For the most of the samples in which the thickness 
ratio r less then 0.7, the thermal diffusivity obtained by experiment are 
in agreement with the theoretical values quantitatively. This indicates 
that, in order to calculate the effective parameters of the thermal 
diffusivity of the amorphous semiconductor superlattices a-Si:H/a-SiNx~H, 
"the thermal resistor in series" and "the weighted average" are 
appropriate to be used for the samples with the relative thickness of 
a-Si:H sublayers less than 0.7. However, for the samples where the 
relative thickness r larger than 0.7, the experimental values of the 
thermal diffusivity are much larger than the theoretical results. These 
phenomena are corresponding to the anomalisms of their optical and 
elastic properties which have been observed by other methods [9,10]. 
However, the mechanism of these anomalous properties is not clear yet. 
Generally, the thermal properties of amorphous samiconductor 
superlattices are directly related to the nonradiative recombination 
processes of photogenerated carriers as the optical excitation is used in 
experiment. Besides, the multi-layer and multi-inferface properties of 
the superlattice make the mechanisms of heating execitation and the 
propagation of thermal wave to be complicated. Therefore, the investiga-
tion of the thermal diffusivity of the amorphous semiconductor super-
lattices becomes very difficult but important. 
In addition, owing to the samples of the superlattices are very 
thin films with the thickness 2- 4 ~m, the measured phase lag6~of the 
photothermal signal is also smaller, thus the measurement error may 
increase. On the other hand, from the photothermal spectra of the 
samples [9], we can see that, for the sample with the relative thick-
ness r ~ 0.7, the photothermal signal is very small as the heating beam 
with the viavelength around 500 nm, where an 11 absorption valley" appears 
in the spectrum. This is another reason to introduce the measurement 
error. Therefore, the sample preparation with more homogeneity and 
larger thickness and the heating beam with more shorter wavelength are 
required for improving the measurement presision. The further experi-
mental and theoretical studies are in progress. 
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